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Wednesday, February 29, 2012 605aconsisting of a phospholipid (dioleoylphosphatidylcholine), cholesterol and di-
acylglycerol in a 50:50:3 mol ratio. In this protein-free system, fusion occurs
just by thermal fluctuations, above 60C. Under our conditions cholesterol is
essential to produce vesicle aggregation, but fusion is only observed when
small amounts of diacylglycerol are added. Vesicle fusion occurs only under
conditions when X-ray diffraction and cryo-transmission electron microscopy
of the lipid mixtures used in vesicle preparation show inverted lipid phase for-
mation (hexagonal and cubic).
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We have previously shown that DNA-lipid conjugates can be used to mediate
membrane fusion between small vesicles and also to construct membrane archi-
tectures, such as a DNA-tethered lipid bilayer patch which is distanced from
a glass coverslip by 8 nm long DNA duplex tethers. We currently employ these
bilayer patches in a model vesicle fusion system, studying the fusion (both
lipid-mixing and content-mixing) of small vesicles to the bilayer patches,
where fusion is mediated by complementary DNA-lipid partners in a geometry
similar to that of SNARE-mediated membrane fusion. This model system al-
lows us to quantitatively describe important aspects of membrane fusion,
such as the dependence of fusion
on DNA-lipid concentration, the
numbers of DNA-duplexes in-
volved in the fusion process, the
role of proximity and membrane
curvature on the fusion reaction.
We have also developed a kinetic
model describing the distribution
of docking-to-fusion wait times
and find that these wait times are
exponentially distributed, implying
a stochastic process which initiates
fusion. Insights into the biological
membrane fusion process are discussed.
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Influenza viruses have hundreds of hemagglutinin (HA) protein trimers embed-
ded in their phospholipid envelope. The HA protein is the lynchpin in the first
stage of influenza infection, first by facilitating binding and internalization into
target host cells and then by mediating fusion with the membrane of late endo-
somes. Recently, antibodies capable of neutralizing both group 1 and group 2
influenza A viruses have been described [Science,v324,p246,2009; Scien-
ce,v333,p843,2011]. These broadly neutralizing HA stem-binding antibodies
appear to act by blocking the HA conformational change necessary for fusion.
Here, we have visualized the interplay between a virus and antibodies during
neutralization using our recently developed single-particle fusion assay
[PNAS,v105(40),p15382,2008]. To this end, antibodies and infectious viral
particles were fluorescently labeled and incubated together. Viruses were
then bound to sialic acid decorated proteins incorporated into a planar, sup-
ported phospholipid bilayer and fusion induced by addition of an acidic buffer.
Using TIRF microscopy, individual hemifusion events were observed as the
rapid release of lipophilic dye from the viral membrane into the target bilayer.
This novel approach allows us to directly link the action of individual
HA-binding antibodies to viral fusion events, providing new insight into the
mechanism and molecular stoichiometry involved in fusion and neutralization -
information obfuscated in traditional cell-cell and bulk fusion assays. We see
a concentration dependent effect of inhibiting antibodies on the time it takes
for viruses to undergo hemifusion as well as on the total number of hemifusion
events. Furthermore, we can correlate the fluorescence intensity per virion to
the number of bound antibodies and thereby directly measure the number of
HA molecules involved in fusion. More to the point, our results have explicit
implications for the model of bilayer fusion arising from the coordinated efforts
of multiple hemagglutinins.3077-Plat
A Microfluidic Device for Single Cell-Liposome Fusion
Phillip Kuhn, Klaus Eyer, Petra S. Dittrich.
ETH Zurich, Zurich, Switzerland.
The fusion of lipid membranes is ubiquitous in living organisms and allows the
transfer of membrane-impermeable molecules across the cell membrane and
different cell compartments. With the aim to systematically investigate mem-
brane fusion, we developed an advanced microfluidic device that facilitates
the close contact positioning of single cells and small unilamellar vesicles
(SUVs) and enables chemically induced fusion. The SUVs were immobilized
on discrete, micro contact printed spots on a glass surface. For vesicle immo-
bilization, we used biotin-PEG-cholesterol bound to immobilized avidin. Sup-
ply of the SUVs at low flow rates and incubation times of a few minutes enabled
efficient immobilization of the SUVs on the designated areas due to the inser-
tion of cholesterol into the lipid membrane. The patterned glass was covered by
a microfluidic device made of poly(dimethylsiloxane)(PDMS) that contained
the micro-channels for fluid supply and an integrated array of one hundred geo-
metric hurdles to trap individual cells. We studied the fusion of cells that are
trapped just above the immobilized SUVs by using total internal reflection fluo-
rescence microscopy and wide field fluorescence microscopy. In preliminary
experiments, the pH-induced fusions of suspension cells (U937) to SUVs pre-
pared from anionic and fusogenic phospholipids (DOPG and DOPE) were in-
vestigated. A fluorescence dequenching assay with two fluorophores (R18 and
HPTS) was employed to visualize, in real time, the fusion of cell and liposome
membranes and the release of the liposome’s enclosed fluids into the cytosol.
The novel platform will expand our knowledge of essential cellular processes.
Moreover, it facilitates screening of optimal fusion parameters and hence,
could improve the typically low efficiency of cell lipofection to deliver DNA
and other biomolecules into the cytosol. This would ultimately lead to novel
therapeutic strategies, e.g. against cancer.Platform: Membrane Transporters &
Exchangers II
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Recently we determined the first crystal structure of a member of the Proton
dependent Oligopeptide Transporter (POT) family, PepTSo, a prokaryotic ho-
mologue of the mammalian PepT1 and PepT2 proteins. PepT1 and PepT2 are
responsible for the uptake and re-absorption of dietary peptides and have a di-
rect effect on the oral bioavailability of important drug families. POT family
transporters belong to the Major Facilitator Superfamily (MFS) of secondary
active transport proteins and contain between 12 and 14 transmembrane heli-
ces. The structure of PepTSo revealed a ligand bound occluded state that
was noticeably asymmetric between the two canonical N- and C-terminal six
helical bundles present in MFS members. To gain further insight into the trans-
port mechanism of the POT family we have determined the structure of a second
member to 3.3 Angstrom resolution. Compared to PepTSo, this second struc-
ture reveals an essentially symmetric inward open conformation. Here we pres-
ent the analysis of this structure and show that using previously identified
inverted topology repeats present within the MFS fold we can create a model
for the currently missing outward open conformation. We further provide ex-
perimental evidence for the outward open model using double electron electron
resonance (DEER) measurements. These two crystal structures, combined with
the repeat swapped model, essentially describe the basic set of conformations
required for the alternating access model of transport within this pharmaceuti-
cally important family of MFS transporters.
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Glycerol-3-phosphate transporter (GlpT) is a member of major facilitator su-
perfamily (MFS), the largest family of secondary transporters. Similar to other
transporters, GlpT is believed to function using an ‘‘alternating-access’’ mech-
anism during which it undergoes large conformational changes. The only
available structure of GlpT is in the apo inward-facing (IF) state. In our earlier
work using equilibrium molecular dynamics (MD) simulations, the binding
site of GlpT was characterized and the initial substrate-induced closing on
606a Wednesday, February 29, 2012the cytoplasmic side was observed. However, an atomic model of the outward-
facing (OF) state of GlpT and the IF-to-OF transition pathway remain un-
known. Here we have used a novel approach based on nonequilibrium MD
simulations to drive the transition of GlpT from its available IF state to its un-
known OF state in an explicit membrane environment. Based on the interhel-
ical symmetries, a set of non-conventional collective variables were defined
for the transmembrane helices to specifically reflect the conformational
changes involved during the IF-to-OF transition. The system was then steered
along these collective variables in a nonequilibrium scheme. The obtained
IF-to-OF transition pathway was further optimized adaptively by minimizing
the nonequilibrium work, which is a good way to produce more realistic tran-
sition pathways. Thus, the protocol of inducing the transition was optimized
after each simulation based on the resulted trajectory. Nonequilibrium work
relations were used to analyze the trajectories and extract information about
the OF state structure, the IF-to-OF transition mechanism, the intermediate/oc-
cluded states, and the characteristics of the OF-state binding site, providing in-
sight about the general mechanism of MFS transporters and more generally
introducing a novel approach to study the IF-to-OF transitions in membrane
transporters.
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Naþ-coupled LeuT-fold secondary transporters consist of many essential
membrane proteins that utilize the concentration gradient of Naþ to transport
solutes across the cell membrane against their concentration gradients. The sol-
utes they transport include many physiologically important molecules such as
neurotransmitters (serotonin, dopamine, etc.), sugar molecules, nucleotide ba-
ses, etc. Dysfunction of these transporters is implicated in various diseases and
syndromes and they are targets of many clinical drugs including antidepres-
sants. Recent progress in crystallographic studies of the LeuT structural family
has revealed striking similarities in the structural organization of ion and solute
binding, implying some general mechanisms of substrate translocation and
transporter conformational changes. This presentation will focus on the trans-
port mechanism of transporters in this structural family, featuring Mhp1, a
bacterial homologue of cation nucleotide-base symporters. Three crystal struc-
tures of this protein in open-to-out, occluded-out, and open-to-in conforma-
tional states have become available recently [1, 2]. The optimal transition
path connecting these states is obtained from the ‘‘string method with swarm
of trajectories’’ [3]. Potential of Mean Force (PMFs) maps are computed to
characterize the path. Free energy simulations reveal the coupling between
the co-transported ion and the main substrate and a profile of the dynamical
interactions between substrates, ions, and the protein. This computational
study will reveal the molecular mechanisms that govern the transporter’s
conformational changes from open to one face of the membrane to open to
the opposite face.
[1] Shimamura, T.; Weyand, S.; Beckstein, O.; Rutherford, N.G.; Hadden,
J.M.; Sharples, D.; Sansom, M.S.P.; Iwata, S.; Henderson, P.J.F.; Cameron,
A.D., Science, 2010, 328, (5977), 470-473.
[2] Yamashita, A.; Singh, S.K.; Kawate, T.; Jin, Y.; Gouaux, E., Nature, 2005,
437, (7056), 215-223.
[3] Pan, A.C.; Sezer, D.; Roux, B., Journal of Physical Chemistry B, 2008, 112,
(11), 3432-3440.
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The neurotransmitter/sodium symporter (NSS) family of transporters includes
the human dopamine, serotonin, and norepinephrine transporters. These trans-
porters harness sodium and chloride gradients to facilitate reuptake of neuro-
transmitters from the synapse thus terminating neurotransmission. Due to
their critical regulatory role, NSSs are the targets of numerous psychiatric ther-
apeutics and drugs of abuse. Progress in understanding and treating diverse
conditions including depression and anxiety will require a detailed description
of the structure and function of this class of proteins. Structural investigations
of NSS have focused on a bacterial homolog of these transporters, LeuT. Thiswork will describe a systematic investigation of the intracellular dynamics of
LeuT as well as detail progress in defining the LeuT transport mechanism
and open-inward structure. Using double electron-electron resonance
(DEER) spectroscopy, a pulsed EPR technique, over 40 double mutants were
analyzed for their distance distributions and relative dynamics. Mechanistic
descriptions were inferred by tracking shifts in equilibria between multi-
component distance distributions and relating these shifts to biochemical con-
ditions across all mutants. Closed-inward distances were largely consistent with
the LeuT crystal structures, while primary gating motions were identified at he-
lices 1 and 6 with additional reorientations of helices 5 and 7, resulting in the
open-inward structure. Distance data are being implemented into restrained
computational modeling to generate preliminary models of the open-inward
conformation of LeuT. These results will be compared to the current models
of LeuT open-in structure and transport mechanism derived using alternative
approaches.
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LeuT is a bacterial homolog of the Neurotransporter:Sodium Symporters (NSS)
which mediates the sodium dependent re-uptake of neurotransmitters from the
synaptic cleft thereby terminating neuronal transmission. LeuT has been crys-
tallized bound with various amino acids (leucine, glycine, methionine, tyrosine
and tryptophan), tricyclic antidepressants (TCA), and selective serotonin re-
uptake inhibitors (SSRIs). Although these structures reveal molecular details
of ion/substrate binding and inhibition, the conformational dynamics underly-
ing a complete transport cycle have yet to be elucidated. Computational mod-
eling studies have led to a proposal of a rocking bundle mechanism that is based
on the inherent inverted pseudo-symmetry between TM1-5 and TM6-10. Ac-
cording to this model, TM1, 2, 6, and 7 form a bundle that tilts with respect
to other surrounding helices and results in closing and opening of cytoplasmic
and extracellular molecular gates. We are investigating the conformational
changes of transmembrane helices predicted to move at different stages of
the transport cycle by measuring distances between spin labels. Monitoring
these dynamics should provide insights into molecular interactions that govern
the extracellular gating of the transporter during the transport process. Our re-
sults show that the bundle does not behave as a single rigid body structural unit
as previously proposed. Some TM helices show a distinct increase in conforma-
tional flexibility as observed from the width of distance distributions, whereas
others show a change in the equilibrium between different conformational in-
termediates in response to ion and or substrate binding. We are also analyzing
these conformational changes with respect to the crystal structure through geo-
metric optimization in order to consolidate distance changes into a model of the
sodium bound intermediate.
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P-glycoprotein (Pgp,ABCB1) is anABC transporter that uses the energy ofATP
hydrolysis to efflux a variety of amphipathic substrates including anti-cancer
agents from the cell. In this study,we have used disulfide crosslinking and Pulsed
Dipolar Electron Spin Resonance Spectroscopy (PDS) to elucidate the confor-
mational changes associated with the catalytic cycle. We generated a library
of double cysteine mutants in a cys-less background and expressed in
baculovirus-insect and mammalian cell expression systems. All the mutants
expressed at the cell surface in HeLa cells and were also functionally active.
Disulfide crosslinking was performed in crude membranes and each double
cysteinemutant of Pgpwas tested for its ability to crosslink with ten crosslinkers
of varied spacer arm length. We observed crosslinking in four double cysteine
mutants with Cys residues in TM3/TM9 (T173C/T816C), ICL2/NBD2
